Heterotransplantation
of some kinds of human malignant tumours in nude mice is difficult, and only 25% to 35% of tumours obtained from patients have been successfully transplanted in nude mice (Ueyama el al., 1977; Fogh et al., 1980) . These findings are thought to be related to the elevated natural killer cell (NK) activity in nude mice (Herberman, 1978; Tamaoki et al., 1982) . Recently beige mice (bg/bg) were shown to have very low NK activity (Roder & Ouwe, 1979 ) and a higher metastatic incidence than control +/bg mice (Talmadge et al., 1980; Shimamura et al., 1984) . On the basis of these data an attempt Received 10 July 1986 . Accepted 11 September 1986 was made to introduce the bg gene into nude mice to improve the take-rate of human tumours, and the characteristics of beige-nude mice were examined.
Materials and methods

Mice
Beige (C57BL/6J-bg/bg), nude (C57BL/6N-nu/ nu) and beige-nude (C57BL/6-bg/bg·nu/nu) mice were used. The beige mice were originally obtained from the Jackson Laboratory, Bar Harbor, ME, USA, and the nude mice from Dr Carl T. Hansen, National Institutes of Health, Bethesda, MO, USA. The generations of backcross to C57BL/6 were N5 for beige mice and Nl2-l4 for nude mice. Beige and nude mice were bred by mating +/bg females and bg/bg males, and +/nu females and nu/nu males, respectively. Beige-nude mice were obtained by mating bg/bg' +/nu females and bg/bg'nu/nu males. Procedures for establishment of the beige-nude mice colony will be described in the Results section. All animals were maintained under specified-pathogenfree conditions and were housed in aluminium cages in vinyl isolators at a temperature of 24-26°C and a humidity of 60%-70%. Food pellets (CA-l, CLEA Japan Inc., Tokyo) and tap water were supplied ad libitum. The cages, bedding, food and water were sterilized by autoclaving.
Test of giant granules of blood neutrophils
Blood was sampled under ether anaesthesia from a puncture of the orbital sinus with heparin-coated capillaries and was stained with Sudan black and Giemsa stains. Giant granules of blood neutrophils were examined microscopically.
Studies on reproductive performance
Mating was started from 2 months of age and was continued for 6 months.
Genetic checking
Genotypes on 19 loci of beige-nude, beige and nude mice were checked by the procedures described in the ICLAS Manual (Esaki et al., 1984) .
Natural killer cell cytotoxicity assay
The NK activity of spleen cells was determined by the S1Cr release assay as described previously (Habu et al., 1981) 
Staining of asialo GM1-positive cells
Asialo GM1-positive cells in the spleen demonstrated by indirect staining with fluoresceinated goat anti-rabbit immunoglobulin were examined under a fluorescence microscope as described previously (Habu et al., 1981) .
Results
Establishment of a beige-nude mice (bg/bg·nu/ nu) colony
Four different mating steps were required to obtain C57BL/6-bg/bg·nu/nu. In nu. The bg/bg· +/nu could be distinguished from bg/bg·+/+ by the production of nude mice (bg/bg·nu/nu). In the third step bg/bg·nu/ nu males were mated with bg/bg· +/nu females obtained in the second step, producing bg/ bg·nu/nu and bg/bg·+/nu. In the fourth step bg/bg'+/nu females were mated with bg/bg·nu/ nu males to establish the breeding colony. No further testing was necessary since the progeny were either bg/bg'nu/nu or bg/bg·+/nu in equal proportions.
Reproductive data
The reproductive performance of beige-nude mice was compared with that of non-beige-75 nude mice (Table 1) . With respect to the number of litters per mouse, the average litter size and the percentage of weaned nude mice, there were no marked differences between the beige-nude and non-beige-nude mice. The average number of nude young weaned per litter was 1·5 for beige-nude mice and 1·8 for nude mice. The average numbers of nude young per breeding female over about 6 months were 4·8 and 5-4 respectively.
Genetic screening
The genetic profiles of the nude, beige and beige-nude mice and their mates (C57BU6) are shown in Table 2 . The profile of beige- 
nude mice matched those of their inbred partners.
Giant granules of blood neutrophils
The giant granules of blood neutrophils in bglbg·nulnu mice were similar to those in bglbg with respect to size and staining conditions (Fig. 2) .
Natural killer cell activity NK activity was slightly higher in bglbg·nulnu mice than in bglbg but much lower than in nulnu (Table 3) .
Asialo GM1-positive cells
The percentage of asialo GM1-posit.ive cells in bglbg·nulnu mice was similar to that in bglbg and nulnu (Table 3) .
Discussion
To improve the take-rate of human tumours in nude mice, nude mice with additional immunodeficiencies are required. The Lasat mouse (asplenic athymic mouse) (Lozzio et at., 1976) , NIH type 2 nude mouse (Azar, Hansen & Costa, 1980) and CBNN nude mouse with X-linked partial B cell deficiency (Mamo et at., 1982) have been reported. Studies on beigenude mice have also been reported (Karre et al., 1980; Clark, Shultz & Pollack, 1981; Fodstad et al., 1984) . These reports mainly concerned investigations of the immunological characteristics and tumour transplantability and there were no data on genetic screening and reproduction. Although Clark et at. reported that beige-nude mice could be distinguished from +/?·nulnu mice by the colour of the skin and ear (Clark, Shultz & Pollack, 1981) , it was impossible for us to distinguish beige-nude mice from nude mice by external appearance. Therefore beige-nude mice were selected on the basis of an examination of giant granules of blood neutrophils which was a simple method that could be performed without sacrificing the mice.
When beige-nude mice are used in experiments, it is essential that the genetic background be the same as that of control mice (Nomura, 1984) . According to our genetic screening, the genetic profile of the strain of beige-nude mice matched that of its inbred partner, C57BL/6.
The reproductive rate of beige-nude mice was as high as that of ordinary nude mice. Our data suggest that the breeding of beige-nude mice is relatively easy.
The higher NK activity in beige-nude mice than in beige mice (Karre et at., 1980; Clark, Shultz & Pollack, 1981; Fodstad etat., 1984) is consistent with the general rule of nu gene introduction into other inbred strains (Herberman, 1978; Tamaoki et al., 1982) . However, the NK activity in beige-nude mice was much lower than that in nude mice. The percentage of asialo GM1-positive spleen cells in beigenude mice was as high as that in +Ibg, bglbg and nu/nu mice. Therefore the decreased NK activity of the spleen cells in beige and beigenude mice appears to be due to a decreased function of the NK cells.
Beige-nude mice have low NK activity and may be a valuable tool for heterotransplantation of human tumours.
